Indonesia is a rapidly growing and competitive market for U.S. fruit. A restricted, sourcedifferentiated, almost ideal demand system is estimated for apples, oranges, grapes, and other fruit in Indonesia. The Marshallian expenditure elasticities for U.S. fruit are estimated to be between 1.01 and 1.21. For grapes and oranges, competition with other fruits appears to be more important than competition with other supply sources. For apples, strong sourcedifferentiated substitution relationships are found.
From 1990 to 1993, U.S. exports of high-value food products to Indonesia increased almost 300%, from $11 million to more than $33 million (Humphrey) . Imports of U.S. fruits represented an important component of this increase.
U.S. fruit characteristics (and sometimes brands) are recognized by most people in Indonesia, particularly in the heavily populated urban areas. Among U.S. exports of high-value food products to Indonesia, fruit exports account for the greatest value-$ 16 million (U.S. Department of Commerce).
Indonesian fruit importing policies have changed in the past 20 years. Prior to 1981, fruit importing was done by general importers. In 1981, fruit importing was restricted to two Sri R. M. Andayani is a former graduate student and Daniel S. Tilley is a professor, both in the Department of Agricultural Economics, Oklahoma State University.
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licensed state trading companies. From 1981 to 1991, fruit imports decreased dramatically and the cost per unit increased, partially due to government restrictions. Government restrictions on imports during that period were designed to protect and support local industry development, where fruit production is characterized by many relatively small production units and product quality heterogeneity. However, the trade protection did not create the desired supply response, and production continued to fluctuate from year to year. In June 1991, fruit importing was deregulated as part of a general deregulation program. Tariffs of 562 commodities (6% of all imported items) were reduced to 40% or below, pushing the import-weighted average tariff down from 22$Z0in 1985 to 10EZO in 1991. In agriculture, nontariff barriers have been eliminated on imports of beef, chicken, several fish products, and many fruits (Schwartz) . Deregulation in the fruit import market had dramatic effects. Fruit imports increased, prices decreased, and distribution improved.
Fruits are among the most widely distrib- Other domestically produced fruits are available seasonally, Domestic apples are in limited production on Java, but the low volume, quality characteristics, distribution, and seasonal availability limit their competitiveness with imported apples. Citrus is produced in Indonesia, but because of the warm tropical climate, oranges (mostly mandarin varieties) do not gain the uniform orange color of the oranges imported from Australia and the U. S., nor do they have consistent flavor.
Because of the current economic growth in Indonesia, the overall size of the market (200 million people), and growing middle and upper classes, Indonesia is a hotly contested market. U.S. suppliers face strong competition from other countries. Australia, New Zealand, China, and Chile are among the supply sources with significant percentages of the imported orange, apple, and grape markets in Indonesia. Because of the proximity of Australia and New Zealand to Indonesia, their suppliers, particularly of apples and oranges, are among the most significant and aggressive competitors (table 1) . U.S. apple suppliers have also become more aggressive by hiring a local representative to manage promotions.
Because of the high level of competition faced by U.S. suppliers, market growth, and potential size, Indonesia is an ideal choice for examining the nature of U.S. fruit export potential in a rapidly developing country. The overall objective of this study is to provide information that will enhance our understanding of high-value fruit product market potentials in developing countries. The specific objectives are to: (a) explain variation in U.S. apple, orange, and grape imports to Indonesia; (b) estimate the nature of the price competition between U.S. fruits and fruits from other suppliers; and (c) appraise the likely prospects for U.S. fruit suppliers in the Indonesian market.
To meet these objectives, import demand models for fruit in Indonesia are estimated. Most previous studies have focused on demand in developed economies; relatively little is known about demand in rapidly developing economies. Based on our review of published literature, this study is the first to examine the Indonesian fruit market and to estimate all fruit import demand functions together using a source-differentiated model. Therefore, this research contributes to the needed understanding of U.S. fruit import demand in Pacific Rim countries (Mathews; McCracken et al.) . Import demand studies of other markets are reviewed in the following section.
Literature Review
Import allocation models have been used to investigate import demand for U.S. fresh fruit products. Lee, Scale, and Jierwiriyapant found that U.S. fresh grapefruit exports to Japan would have to compete against banana and pineapple imports in Japan and that U.S. citrus juice exports would have to compete against the juices from Brazil and Israel. Sparks, Scale, and Buxton found that the U.S. will increase its apple exports to Canada, Hong Kong, Singapore, and the United Kingdom as the import demand of the countries increases. Their results also show that the growth of Chile as a major world supplier of apples has not changed the U.S. competitive position in each of the major markets. A restricted, source-differentiated, almost ideal demand system (RSDAIDS) is used in this study. The almost ideal demand system (AIDS), Rotterdam, linear and quadratic expenditure system, translog, and hybrid models with less restrictive assumptions than the Armington model were considered as alternative models (Winters; Alston et al.) . The Rotterdam and AIDS models are most frequently used (Alston et al.; Sparks, Scale, and Buxton; Lee, Scale, and Jierwiriyapant; Eales and Unnevehr) . Recently, Lee, Brown, and Scale (following Barten) employed nonnested tests to choose the model that would best represent their data. However, to analyze the import demand for products differentiated by sources, this method may lead to a different model for each product, while the RSDAIDS model results in a similar model for each product. For products that are similar and competing in the same market, we prefer the RSDAIDS approach.
Empirical applications of the AIDS model to import demand have frequently assumed either product aggregation or block separability (Yang and Koo) . Under the product aggregation assumption, products are not differentiated by sources and are perceived as the same (Hayes, Wahl, and Williams) . Moreover, the block separability assumption among goods allows estimation of share equations for goods from different origins (e.g., Alston et al.) . The
Armington model is derived by assuming block separability. Product aggregation (perfect substitutability among sources) and block separability are very strong assumptions. The RSDAIDS model is a more general model and does not impose perfect substitutability or the block separability assumptions.
Restricted SDAIDS Models
The AIDS model is obtained from a specific parameterization of the price-independent generalized logarithmic (PIGLOG) cost function (Deaton and Muellbauer) . The PIGLOG cost function is written as
where A(p) is a price aggregation function of the type
h and a, p, and y* are parameters. The subscripts i and j are goods (i, j = 1, . . . , N)-in this case, oranges, apples, grapes, and other fruits; and h and k denote sources. For each good, the number of sources is not necessarily the same. Good i may be imported from m different sources, while good j may have n import sources. If i # j, then h = 1, . . . , m, andk= l,..., n. By taking the derivative of (1) with respect to the price, a system of demand equations can be written in share form as where {~qljl = 1/2(~!tJk+~JLl,, J *) w,, } is the share of good i from country h. Furthermore, taking the first derivative of the cost function with respect to u and substituting the results into equation (4) gives the source-differentiated AIDS (S DAIDS) in expenditure share form:
w,,, = a I,~~~,,,,~nb,,) + P,,,ln(EIP*),
where Since P* is not linear, several alternative representations of the index have been evaluated. Moschini proposed the regular price indices, the Tornquist index, the "corrected" Stone index, and the geometrically weighted average of prices. The Tornquist index is used in this study because it retains some features of the Stone index, which is the log-linear analog of the Paasche price index, and also it retains some features of the log-linear analog of the Laspeyres price index (Moschini) . The Tornquist index, P', viewed as a discrete approximation to the Divisia index, is (7) log ( Using the SDAIDS model in equation (5), the import demand of different goods from different sources can be estimated if a sufficient number of observations are available. However, the SDAIDS model contains all product prices of different goods from different sources in each equation to be estimated. For example, to estimate three products (e.g., apples, oranges, and grapes), each of which has four sources, there will be 14 parameters (3 X four prices + intercept + expenditure) to be estimated in each equation. Yang and Koo assumed that This means that the cross-price effects are not source differentiated between products, while the cross-price effects are source differentiated within a product. For example, the Indonesian demand for U.S. apples will have a sourcedifferentiated cross-price effect for apples from other sources, but the cross-price responses to grapes and oranges are not source differentiated. If Yang and Koo's assumption is used, the SDAIDS model [equation (5)] becomes the restricted SDAIDS (RSDAIDS) model: (9) w,,, =~, ,, +~y,,,,ln(p,,) + X yt,l,ln(p,)
where { ln(pJ) =~~(w,k + wY) X ln(pjk/p~), y,,,,} denotes the price coefficients of good i from different source h; y,,,, is the cross-price coefficient between good i and good j where i #j; and w; and p~are mean values. For three products, each of which has four sources, each equation of the RSDAIDS model has a price coefficient for each source, two coefficients for the other two products, an intercept, and an expenditure coefficient-or eight total coefficients (compared with 14 in the SDAIDS model). The Marshallian price elasticities can be calculated from the RSDAIDS coefficients. These elasticities are derived by assuming NnP*/NnP, = w] (Chalfant) . Since this model is highly disaggregated and expenditure shares are small, the compensated elasticities are approximately equal to uncompensated elasticities (Green and Alston) .
The general demand conditions for import behavior-adding-up, symmetry, and homogeneity-also can be imposed or tested in the RSDAIDS model. Block substitutability and symmetry conditions among goods are not applicable. Symmetry is applied only within each good.
Data, Estimation Procedure, and Results

Data
Annual data from 1970 through 1993 are used for this study. Indonesia's fruit imports are grouped into four goods: apples, oranges, grapes, and other fruits. Two origins, the U.S. and the rest of the world, are used. Table 1 shows the average share of the U.S. and its competitors for each fruit. Apples, oranges, and grapes account for 70% of imported fruits. The U.S. has the largest average share of these three import fruits, and Australia has the second largest share. For oranges, the U.S. export average share is 39'ZO,for apples 44%, and for grapes 679io. The import price used is the unit value of imports. The RSDAIDS model is used to conserve degrees of freedom. The full model has a U.S. and rest-of-the-world (ROW) equation for oranges, grapes, apples, and other imported fruits. In each of the equations, there is one source-differentiated own-price coefficient, one source-differentiated cross-price coefficient, three nonsource-differentiated cross-price coefficients (one for each of the other fruits), an expenditure coefficient, and an intercept. Because the adding-up condition across goods creates a singularity problem, the equations for other fruits were dropped.
Estimation Procedure
The following steps are used in the estimation procedure: STEP 1. A nonsource-differentiated (aggregate) AIDS model is estimated where perfect substitutability is assumed.
STEP 2. Equation (9), the RSDAIDS model, is estimated by seemingly unrelated regression (SUR) with homogeneity and symmetry conoranges from United States, POROW= price of oranges from rest of the world, PGu~= price of grapes from United States, PGROW= price of grapes from rest of the world, PAU, = price of apples from United States, PAROW= price of apples from rest of the world, Por(,,,ge, = price of oranges (unit value of import for oranges is used as a proxy), PG,fl,,,,= price of grapes (unit value of import for grapes is used as a proxy), P~,,ple,= price of apples (unit value of import for apples is used as a proxy), P Ofrtw = price of other fruit (unit value of import for other fruit is used as a proxy), and Y = expenditures on fruits.
ditions imposed using the SHAZAM computer program (table 2). STEP3. Equation (9) where y,, is the cross-price parameter between groups i and j. The -yVare estimated from a nonsource-differentiated (aggregate), threegoods AIDS model where perfect substitutability is assumed (as performed in Step 1). To test the source-differentiation assumption that apples from the U.S. and from the rest of the world are perfect substitutes, the price and expenditure coefficients in the U.S. equation and the ROW equation in the apple model were restricted to be equal [equation (1 l)]. The tests are conducted by imposing the re1Two fruit groups, i and j, may be considered separable if the compensated cross-price effects between the share of import fruit from source h in fruit group i and the price of import fruit from source k in fruit group j (i #j) satisfy the restriction in (12). However, because fruit group j is specified as a single commodity, the weight for that group is 1. This causes the separability restriction to be respecified as follows:
?!,,,, = w,,, x Yy. striations in (10) and (11) Let the expenditure variable, ln(E/P*), in the SDAIDS model be approximated by equation (12): (12) ln(E/P*) = a,,, +~~f,,,,)n(p,,,) ]k + g,,,ln(GNPr) + ht,,ln(ER,)
+ it,lnb.) + V,,,$ where t is time, GNP is per capita gross national product, ER is real effective exchange rate for imports, pO is the price vector of all other goods, and Vih is the random error term, The random error term is partitioned as where & is the correlation parameter such that E (V~, e,,,) = O, and e,, are independent of V;.
To test the endogeneity of the expenditure variable, the residual~is included in the RSDAIDS equation and the Wald chi-square test is performed.
Results
The results of the source differentiation and separability tests are shown in table 3. The Wald chi-square test statistic for the null hypothesis that oranges are separable from all other fruits (i.e., apples, grapes, and other fruits) is 69.63. Moreover, the statistics for the separability tests for apples and grapes and the joint test for all three equations are 17.27, 148.88, and 235.78, respectively, The null hypotheses that the fruit import demand can be estimated separately for each good are all rejected at less than the 5% level of significance. The Wald chi-square test statis- LPO,a.z.,,, LPG,UP.,, LP,4[,p\.,, and LPof,Ui, are price vectors of products in the group; CPZ is a proxy of the price vector of all other goods; GNP is GNP per capita; and ER is the real effective exchange rate for imports. The inclusion of the exchange rate measures the effect of omitted price variables in the model. A consumer price index is used as a proxy for the price of all other goods, and per capita GNP is used as a proxy for total expenditure. The Wu-Hausman endogeneity test indicates that simultaneity is not a problem. The null hypothesis of no correlation between group expenditures and the error terms is not rejected at the 570 level of significance. The Wald chi-square statistic for this test is 4.04.
Homogeneity and Slutsky symmetry are tested and are supported by the data. The likelihood ratio test statistics are 7.63 for homogeneity and 4.32 for Slutsky symmetry.
Interpretation
In general, it appears that the demand system provides an excellent explanation of the variation in apple, grape, and orange imports [objective (a)]. Most of the coefficients have the expected signs and the system R2 of the model is 0.9850 (table 2) .
Tables 4 and 5 present the Marshallian and Hicksian price elasticities, respectively, of In- donesian fruit import demand for the 1970-93 data period. As shown in table 4, for oranges, the Marshallian own-price elasticities for the U.S. and the rest of the world indicate that U.S. orange imports are more price responsive than the ROW imports (-1.824 and -0.722, respectively) . The source-differentiated Marshallian cross-ptice elasticities between oranges from the U.S. and oranges from the rest of the world are negative but not significant. Competition among sources of oranges does not appear to be occurring, perhaps because the U.S. and its competitors have Northern and Southern Hemisphere production and marketing cycles which overlap only during a few months of the year. The Marshallian crossprice elasticities among oranges and other fruits (not source differentiated) are negative for grapes and positive for apples and other fruits. The results suggest that oranges from both the U.S. and other sources face more market competition from apples and other fruits than they face from oranges from the other sources [objective (b)].
In the grape equation, the own-price Marshallian elasticity of the U.S. (-1.206 ) is negative, significant, and elastic (table 4). The ROW own-price elasticity is not significant. The source-differentiated Marshallian and Hicksian cross-price elasticities between the U.S, and other world suppliers are positive but not significant. The cross-price elasticities between grapes and oranges are both unexpectedly negative, suggesting that substitution does not occur between grapes and oranges. However, U.S. grapes were found to have positive and significant substitution relationships with apples and other fruit imports. Again, Notes: Numbers in parentheses are standard errors. Single and double asterisks (*) denote significance at the 590 and 1% level, respectively.
Variables are as defined in table 2 footnote. Marshallian elasticities are calculated using the following formulae for own-price, cross-price among fruits and sources, and expenditure elasticities: For apples, U.S. demand is own-price elastic and significant, but less own-price elastic than the highly elastic ROW apple demand. In contrast with oranges and grapes, important Marshallian and Hicksian cross-price substitution effects are demonstrated by the sourcedifferentiated cross-price elasticities, which are large and significant in both the U.S. and ROW equations. We suggest that this reflects the controlled atmosphere storage conditions of apples that cause Northern and Southern Hemisphere sources to compete throughout the year. The nonsource-differentiated crossprice relationships are less clear for apples than for oranges and grapes,
The Marshallian expenditure elasticities (table 4) for all three fruits and the two sources are all positive and significant at the 1?lo level, and the value estimates are between 1.01 and 1.21. This implies that if expenditures on fruit imports in Indonesia continue to grow, imports of the fruits in these models will grow at a rate slightly above the expenditure growth rate. Given continued economic growth and development in Indonesia, we would expect that the Indonesian fruit market will continue to grow [objective (c)].
Summary and Conclusions
The RSDAIDS model is found to provide an excellent explanation of variation in Indonesian fruit imports from the U.S. and other sources [objective (a)]. In particular, the RSDAIDS system captures the essential nature of price effects and competition [objective (b)]. Own-price Marshallian elasticities for fruits imported from the U.S. and rest of the world all exhibit the expected negative sign and are significant except for grapes in the ROW equation. Oranges and grapes imported from the U.S. are much more Marshallian own-price elastic than are imports from the rest of the world. For apples, the reverse is true.
The results identified competition among fruits as well as competition between sources of the same fruit [objective (b)]. For oranges and grapes, the substitution relationships with other fruits are more important than the source-differentiated substitution relationships between sources of the same fruit (tables 4 and 5). Apples have a significant and positive substitution relationship with both U.S. oranges and U.S. grapes that is more important than the cross-price effects of competing suppliers of oranges and grapes. Apples compete with other fruits throughout the year and account for 44% of the weight of Indonesian fruit imports during the data period. Grapes and oranges from Southern and Northern Hemisphere suppliers are frequently not competing for market share during the same months. For U.S. apples, the source-differentiated substitution relationships are important. Prospects for future demand appear to be quite positive. All of the expenditure elasticities are positive, significant, and between 1.01 and 1.21 in value. Should expenditure growth match the growth in real GNR 8-1 O% growth per year at constant real prices could easily be achieved [objective (c)]. The markets for U,S. fruits were found to be own-price elastic. A 17. decrease in price would be expected to generate 1.8%, 1.2%, and 1.89. increases in the volume of oranges, grapes, and apples, respectively. The results suggest that competition among fruits is as important, or in some cases more important, as competition among sources of the same fruit. For example, prices of apples from all sources are an important determinant of the quantity of oranges imported from both the U.S. and other sources. This means that if apple prices are low, the U.S. orange market shares will be negatively impacted, and if orange prices are low, the U.S. apple market shares will be negatively impacted.
We find the RSDAIDS model useful in this analysis. Further applications of this approach appear to have merit because of the insights provided about the nature of the competition in an import market. Because of the rapid growth in the market, it is important to recognize that this study will need to be updated in order to remain useful. In particular, future updates of the model may want to consider testing for structural change following the period of trade deregulation in Indonesia. Sufficient observations were not available to perform that test in this research.
